Background. In 2002, the percentage of households consuming iodized salt in the state of Uttar Pradesh (UP) in India dropped to as low as 6%. This implied that 3.5 million newborns in this non-salt producing state, with 180 million population, were at risk of brain damage unless universal accessibility and consumption of iodized salt was ensured and sustained.
Introduction
Iodine deficiency was recognized as a public health problem in India and regular consumption of iodized salt was demonstrated to be an effective strategy for goiter prevention and control [1] . The goal to eliminate Iodine Deficiency Disorders (IDD) was adopted at the World Summit for Children (WSC) in 1990 and Universal Salt Iodization (USI) was identified as the central strategy to achieve the WSC goal. USI is globally recognized to be a safe, cost effective, and sustainable strategy to ensure sufficient consumption of iodine by all individuals [2] . Today, salt iodization is the most commonly accepted strategy for the control of iodine deficiency disorders (IDD) in more than 100 countries. Sheila C. Vir, Shraddha Dwivedi, Richa Singh, and Ashish Mukherjee Sheila C. Vir was in charge of the study as a Project Officer (Nutrition) with UNICEF India country office, Field Office Lucknow, Uttar Pradesh, India. Shraddha Dwivedi is affiliated with the Medical College, Allahabad, India. Richa Singh is a consultant in public health and nutrition in Lucknow, India. Ashish Muhkerjee is a consultant with the Academy of Management Studies, Lucknow, India.
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Mention of the names of firms and commercial products does not imply endorsement by the United Nations University. However, a national usage rate of iodized salt of at least 90% is recommended by WHO/UNICEF/International Council for Control of Iodine Deficiency Disorders (ICCIDD) [3] for effective prevention of IDD.
In India, USI as a part of National Iodine Deficiency Disorders Control Programme (NIDDCP), was intensified nation-wide in 1994 with the active involvement of two ministries-Ministry of Health and Ministry of Industry [4] . Special focus was directed not only at creating demand but ensuring production and distribution of iodized salt, and monitoring the presence of iodine in salt at consumption and production levels. Rapid Salt Testing Kits (STKs) were used as an effective tool for demand creation, as well as for monitoring iodine levels. A national evaluation of the USI activities was conducted in 1997-98 [5] . The evaluation revealed that 70% of the population consumed appropriately iodized salt, despite the fact that a national ban on the sale of non-iodized salt, under the Prevention of Food Adulteration Act (PFA), was introduced as late as 1997. During this period of intensive implementation of the Universal Salt Iodization (USI) program, a decrease in prevalence of Total Goiter Rate (TGR) was also reported [6] . However, a significant drop to 49% in consumption of iodized salt by population was reported in 1998-99 [7] and with the withdrawal of the legal ban in mid-2000, the consumption of iodized salt further dropped to as low as 37% in 2002 [8] .
The goal for sustained IDD elimination was renewed at the UN General Assembly Special Session for children in May 2002 [9] , with a commitment to achieve sustainable elimination by 2005. Following this, in India, the USI Program was implemented with a renewed thrust. Special focus was directed on Uttar Pradesh (UP), the largest state of the country with a population of 180 million, where iodized salt consumption had reduced from 70% in 1997 [5] to 49% in 1998 [7] and 6% in 2002 [8] . With such lack of iodine in the diet, it was estimated that in the state of Uttar Pradesh, 5 million newborns every year would continue to be at risk of brain damage, since deficiency of iodine is documented to result in neonatal hypothyroidism and resultant poor mental and physical development [10, 11] . Moreover, the condition of these newborns would be further worsened by the fact that the median age of conception in the state of Uttar Pradesh is very low at 16.2 years [7]-a critical age when prevalence of goiter is noted to be higher, reflecting disturbed metabolism of iodine during the period of accelerated growth [12] .
A special strategy was therefore launched with the objective to accelerate efforts to ensure universal accessibility and consumption of iodized salt in the state of Uttar Pradesh.
Methods
The strategy for accelerating the universal consumption of salt was based on the principle that buying and selling iodized salt must be perceived as a basic responsibility of not only salt manufacturers or industry, but of wholesalers and retailers as well. For effective and sustainable elimination of IDD, the USI program must not only concentrate on production and creating demand for iodized salt, but needed to capitalize on the distinct roles of wholesalers and retailers who market iodized salt. Additionally, in a non-salt producing state like Uttar Pradesh, reaching the wholesalers of salt and linking them with the salt industry was not only critical for sustaining the USI program, but was viewed as a strategy which would yield results in a much shorter period of time by influencing the marketing pattern, reaching a limited number of wholesalers in the state. increased access to iodized salt with intensification of education and monitoring activities through a "child-to-community approach". In phase I, a study on mapping of salt wholesalers and understanding the salt trading system was undertaken in the state with the broad objective of mapping all salt wholesalers and major traders in the entire state (70 districts) supplying salt, as well as understanding the trade practices relevant to purchase, storage and sale of various salt types in Uttar Pradesh. Additionally, effort was made to analyze the attitudes and practices of salt traders regarding prevention and control of IDD.
In the second phase, the project concentrated primarily on 15 districts ( fig. 1 ) which were identified in phase I to be the primary salt trading districts.
A non-government organization (NGO) with marketing management as well as social development expertise was identified in the state and assigned the task of creating demand for iodized salt, and monitoring the progress and impact. A comprehensive information, education, and communication (IEC) strategy and a system for monitoring both the purchase and consumption pattern was developed. For each of the districts, a district information/marketing manager (DIMM) was appointed by the NGO. These district managers were trained by the NGO to undertake the tasks of information dissemination, education and monitoring activities. The NGO functionaries were also provided with counseling and information materials such as booklets, handbills, and danglers.
Regular visits were made by DIMMs to 126 primary wholesale traders of salt identified in the salt trade study undertaken in phase I. These traders were informed of the importance of daily consumption of iodized salt. Regular dialogues were held with the wholesalers. Efforts were made to make the salt wholesalers understand and accept that trade of iodized salt was not only a profit-making business, but that salt traders were a critical group who contributed to the mental health and school performance of young children. One-to-one dialogue between DIMMs and 126 wholesalers was established to convince them of their roles in eliminating IDD and in making them understand and appreciate that they played a significant role in the brain development of newborns and young children. The salt wholesalers were informed of the fact that negligence at their level could result in low consumption of iodine by the population, with serious consequences such as a high rate of abortion during pregnancy, and birth of children with poor brain development as well as the loss of 10-12 IQ points in schoolgoing children which could result in an inability to perform at their optimum mental capacity in schools. To help the wholesalers undertake their responsibility of procuring salt with adequate levels of iodine and adhere to the legal ban on the sale of non-iodized salt for edible purposes, rapid salt testing kits (STKs) were supplied to the wholesalers. Moreover, the marketing NGO was also assigned the task of periodically testing salt purchased by the wholesalers. Bi-annual meetings of wholesalers and media persons at the district level were organized. Brands of packed salt with nil iodine level or results of iodization tests on non-packed or openly sold salt were shared regularly with the media to disseminate information to consumers and discourage procurement of non-iodized salt or use of open salt or salt brands with inadequate iodine content. Information on the legal ban by the state government on sale of non-iodized salt for human consumption was also periodically disseminated widely through media.
To help the traders follow correct trading practices of procuring packed powdered iodized salt, a state meeting of the wholesalers was organized with iodized salt manufacturers from salt-producing states. This forum was used as an opportunity to recognize the role of wholesalers in the USI program as well as to resolve issues related to constraints observed in iodized salt trade.
These activities at the trading level were complemented with demand creation activities at the school level. A massive campaign was launched through the middle and senior school network, using a child-tocommunity approach to create demand for iodized salt by educating the population on the importance of daily consumption of iodine for mental development and for protecting the learning capacity of children.. The child-to-community methodology concentrated not on primary school children, but on reaching children of middle and high schools. It was envisaged that children enrolled in these schools would represent a wider geographical area since only 10-12 such registered schools operated in each block, or per 100,000 population, as compared to 70-80 primary schools in a block. This implied that a larger population would be reached through a smaller group of middle and high school children, and the methodology would probably be cost-effective. Moreover, the reason for involving children in the age group of 11-18 years included the fact that such adolescent children are easily trained in counseling and salt testing skills, and are often keen to execute tasks assigned to them. The strategy and plan of action to involve school children to promote universal consumption of iodized salt was approved by the state government of Uttar Pradesh at the State Government Health Review Committee chaired by the Director General of Health Services. Following approval by the review committee, the State Director of Basic Education issued letters to district inspectors of schools and communicated the approval of the state government for the iodized salt program. The district inspectors of schools, as per the government policy, informed the principals of the middle and senior schools of the role expected from school teachers and children in testing salt for iodine levels as well as for the promotion of iodized salt. Prior to launching the program, the school principals, through the discussion with parents in special parentschool meetings or through the school children, sought the consent of parents for involvement of the children in the program.
As a first step, all the middle and high schools in the rural areas of each district were mapped. Since over 90% of the population in the urban areas consume adequately iodized salt and the problem of consuming non-iodized salt is predominantly in the rural areas, the intervention primarily focused on the rural regions of the district. Following completion of the mapping exercise, the DIMMs visited the identified schools and met with the school principals. The school principals were informed of the purpose of promoting of iodized salt and permission was sought from the principals for involving school children in salt testing and community education activities. Following granting of permission, a school plan of two days was developed for each of the schools and the two-day events were planned to be conducted every three months.
On Day 1 of the visit, school teachers and students were oriented to the importance of iodine nutriture. The students were requested to discuss the subject with their parents, family members, and neighbors once they returned home from school. They were also given the task of conducting a group exercise of collecting edible salt samples from 10 different households in their residential locality and bringing these samples to school the following day or on the day assigned for the task in the school plan for Day 2 activity. On this day, the samples brought by the students were tested using the salt testing kits. Informational material, such as school booklets, exercise book labels with the IDD message, and IDD posters were provided to every school. About 3 schools were visited per block and 3 visits were made to a school over a period of 9 months. (During the remaining 3 months, the schools were either busy with exams or closed.)
The activities at the school level were facilitated by electing two students per class as monitors. Monitors ensured that each child who had brought salt samples was given the opportunity to test salt samples using STKs and also informed of the results of iodine level. In addition, a record was maintained by monitors in each school in a standardized format. The monitors completed the format by entering in the columns the following details: name of the student, along with information of resident village, and the result of the salt samples in three categories (i.e., nil, < 15 ppm, > 15 ppm). Following completion of salt-testing activity, the results were reviewed by the DIMMs of the NGO with the help of monitors. The results were shared with school principals for information, comments, and for signature. The NGO was responsible for preparing block and district profiles of the salt situation and organized follow-up actions at least twice a year.
Following the school level activity, child-to-community actions were undertaken. The households with salt samples not having adequate levels of iodine were visited by a group of students to sensitize them about the importance of iodine. Children were provided informational materials to facilitate family-level counseling. In a selected 25% of the schools, additional promotional activities such as film shows, elocution contests, painting, and quiz competitions were organized.
In phase III, based on the success of the USI strategy in the 15 salt trading focused districts in 2004-2005, the "child-to-community" approach was taken to scale in 2006 in the entire 70 districts of the state. The schoollevel activities were simplified and standardized. These activities extended beyond testing of salt brought by school children. In addition to the two-day school level activity undertaken in Phase II, an additional activity at intervals of six months of testing open and packaged salt procured from local markets was introduced. This activity was primarily undertaken by the NGO. As a first step, each and every brand of packed salt and 2-3 samples of open salt available in the markets of the administrative block headquarters of the district was collected. This was followed by testing these samples of salt with STKs by the district NGO staff (DIMMs) during the school assembly in the presence of school children. In a block, an average total of 12-15 brands of packaged salt were available in a particular block market. Children were informed of the specific iodized salt brands with nil or low levels of iodine and were informed of the importance of discontinuing its usage. These children were encouraged to disseminate the information of salt testing results in their neighborhood and community. These promotional activities at middle school were further supported by advocacy, as well as a policy directive issued by the state government for usage of only iodized salt in the ongoing primary school feeding program. This program, referred to as Mid-Day Meal (MDM), reaches 18.6 million children in the state.
Results
In phase I, the salt trade study revealed that only about 344 salt wholesalers in the state were responsible for supplying salt to a population of over 180 million. The mapping of the traders revealed that of the total 344 wholesalers, 126 wholesale traders were located in 15 of the 70 districts of the state ( fig. 1) and these managed 80 percent of salt trade in the state. It was therefore evident that reaching these 126 traders located in 15 districts was critical for achieving the goal of universal salt iodization (USI). The entire supply of 1.2 million tons of salt was procured by these wholesalers from salt-producing coastal states of Gujarat and Rajasthan. From these salt-producing centres, a higher percentage (66%) of iodized salt moved by rail while the remaining (34%) moved by road. The rail loading and unloading was monitored by the salt department of the government while salt entering by road was not checked.
The findings further revealed that 2% of salt had nil iodine while 86% had inadequate levels of iodine. Thirty percent of the total supply was in the packaged powdered form. Of this, refined salt constituted around 12% and the remaining salt was non-refined. Eightyfour percent of refined packed salt and only about one fourth of the non-refined packaged salt had adequate levels of iodine of 15 ppm or over. Although loose salt was also iodized at the production level, only a small percentage of about 2% was adequately iodized. As per the findings, among the varieties of loose salt, the big crystal variety, referred to as bargara, constituted around half of the salt procured by the traders and 94% of the samples collected were found to have iodine content less than the desired level of 15 ppm. More over, the prevalent practice of washing the crystals prior to cooking resulted in loss of iodine. The stock procurement practice indicated that 90% of wholesalers procured both loose and packaged salt, while only 10% of wholesalers stocked only packaged salt. The data revealed that a shift in marketing practice towards procurement of powdered packaged iodized salt and not open or crystal salt was desirable. The study indicated that the traders' knowledge of implications of iodine deficiency was limited to goiter (98%), and knowledge of its effect on brain development of the fetus was very low (38%). Only 37% of wholesalers were aware of the legal norms of correct amounts of iodine at production, sale, or consumption level.
In phase II, the USI program activities concentrated on sensitizing 126 primary wholesalers located in 15 of the 70 districts of the state (fig. 1) . The traders appreciated their social responsibilities in protecting the brain development and mental development of young children. This was supported with activities for creating demand for iodized salt in the market through the school networks.
In a period of 30 months, there was a remarkable decrease in the percentage of sale of salt with nil level of iodine from 38.0% to 13.1%, while the sale of iodized salt with recommended levels of iodine ≥ 15 ppm increased from 28.6% to 68.5% ( fig. 2) .
In addition to improvement in trade practices, the consumption pattern improved with the involvement of schools. In the first year, approximately 600 schools were covered, and on average 150 school children participated at each contact during the education sessions, while about 30% of children brought the salt samples for testing. By the end of the third year, about 900 schools were covered annually, reaching out to around 0.3 million population. Tremendous enthusiasm among the children was generally observed whenever testing of salt samples was undertaken using these STKs. Children were not only curious to learn of the results of iodine levels, but were interested in being allowed to use the STKs themselves. Intensive testing activities were observed to have influenced the purchase and consumption pattern by families, and thus alerted the traders to adhere to legal norms and increasingly shift to sale of only iodized salt as reflected in fig. 2 . fig. 3) . The overall impact in a period of 30 months was found to be remarkable, with a reduction from 56% to 25% in consumption of salt with nil level of iodine. This was accompanied by a significant increase from 29% to 52% in the consumption of salt with recommended minimum levels of 15 ppm iodine ( fig. 3 ).
Discussion and Conclusion
The program results of 30 months revealed that mapping and reaching a small group of primary traders or wholesalers was effective in influencing marketing practices of a larger population. There is a need to appreciate the strategic role of wholesalers in efforts being made to achieve and sustain the goal of USI. Inclusion of wholesalers in the USI strategy, besides the traditional strategy of reaching the iodized salt manufacturers, needs to be recognized. However, while involving traders in their social responsibilities regarding the USI goal, there is a need to appreciate and address their business interests. Demanding creation for iodized salt and routine testing of salt for iodine level through school networks contributes to protection of business interests as well as the promotion of correct marketing practices.
Regular usage of salt testing kits (STKs) proved effective in influencing the rapid shift observed in procurement and consumption patterns. The salt testing kits, though not quantitatively accurate, proved to be an extremely useful tool for influencing trade as well as demand for iodized salt. Further, the usage of STKs by wholesalers equipped and enabled them in the execution of correct iodized salt trade practices as well as resulted in galvanizing the entire chain linking manufacturers, wholesalers, retailers, and consumers.
Actions at the school level proved to be a catalyst in influencing iodized salt trade and consumption practices. The rapid improvement in salt trade and consumption patterns in a period of 30 months demonstrated that involvement of middle and senior school children-rather than primary school children-facilitated reaching the population of a larger geographical area. Further, the school level activities, though concentrated in a smaller number of towns or villages, were observed to rapidly influence the practice of procuring and selling only iodized salt by a large network of retailers of the surrounding towns and villages.
Testing of iodine levels in salt through school level activities proved to be a useful system for monitoring the progress in the availability and consumption pattern of iodized salt in the state. This was supported by the fact that the results obtained from school data on the situation of the availability of iodized salt in this study in December 2005 concurred with the findings of an external evaluation [13] undertaken during this period. The evaluation findings reported 43.5% salt in the state had iodine levels of ≥ 15 ppm iodine [13] compared to school-based results in this study of 45%.This finding demonstrated that institutionalizing regular salt testing through the school network could be used as an effective method for rapid assessment of the salt situation in a geographical area and as a proxy for assessing progress towards reaching the USI goal.
